
I 

EFFECT OF CARRIER GAS ON TAR YIELU AND 
QUALITY OF OCCIDENTAL FLASH PYROLYSIS 

S. C. Che, K .  Duraiswamy, K .  B lecker  
E.W. K n e l l  R .  Zahradnik 

OCCIDENTAL RESEARCH CORPORATION, I R V I N E ,  CA 

ABSTRACT 

Occidental F lash  P y r o l y s i s  employs recyc led  heated char  as heat 
When n i t r o g e n  was used, as c a r r i e r  t o  supply  the  heat  o f  p y r o l y s i s .  

t r a n s p o r t  gas, t a r  y i e l d  decreased due t o  char-cata lyzed t a r  c rack ing  
reac t i ons .  When low sur face area heat c a r r i e r  was used, t a r  c rack ing  
r e a c t i o n s  was prevented and the  t a r  y i e l d  was r a i s e d  back t o  t h e  expected 
l e v e l .  

The t a r  was l i g h t e r  w i t h  lower average molecular  weight .  The 
improvement o f  t a r  y i e l d  and q u a l i t y  was a t t r i b u t e d  t o  t h e  s t a b i l i z a t i o n  
o f  r e a c t i v e  coal fragments by nascent hydrogen produced by char  g a s i f i c a t i o n  
(by  CO2 and steam) and water-gas s h i f t  reac t i ons .  

INTRODUCTION 

Flash P y r o l y s i s  o f  coa l  employs ve ry  r a p i d  hea t ing  t o  d e v o l a t i z e  
p u l v e r i z e d  coal  i n  the absence o f  a i r  t o  p a r t i t i o n  t h e  coa l  i n t o  hydrogen- 
r i c h  t a r  and carbon-r ich char  res idue.  It has been s tud ied  i n  both ba tch  
and continuous reac to rs .  (1 -5)  

Occidental Research Corporat ion (ORC) developed t h i s  concept i n  a 
novel  ent ra ined f l o w  r e a c t o r  i n  which ho t  recyc led  char  prov ides the  heat 
t o  py ro l yze  t h e  c o a l .  The t y p i c a l  t a r  y i e l d s  are aprox imate ly  t w i c e  t h a t  
obta ined from F ischer  Assay t e s t  from t h e  same c o a l .  
d e s c r i p t i o n  o f  ORC process has been prov ided elsewhere.16) 

(PDU), t a r  l o s s  b y  char-cata lyzed t a r  c rack ing  r e a c t i o n s  was uncovered. 
A smal ler  sca le  u n i t ,  1 kg-per-hour bench scale r e a c t o r  (BSR), was used 
t o  s tudy the  e f f e c t s  o f  t ranspor t  gas and heat  c a r r i e r  on t a r  y i e l d .  
React ive gases such as C02 and H20 ins tead  o f  n i t r o g e n  were used t o  
t r a n s p o r t  t h e  char .  Tar l o s s  was prevented when t h e  h igh su r face  area o f  
char  was covered by r e a c t i v e  gases. The t a r  y i e l d  was increased t o  t h e  
same l e v e l  as t h a t  p red ic ted  by t h e  e l e c t r i c a l  hea t ing  cases. When low 
surface area aluminum was used as heat c a r r i e r  t a r  l o s s  was a l so  prevented. 
These r e s u l t s  and h mechanism t o  prevent  t h e  t a r  loss were d iscussed by 
DuraiSwamy e t . a l .  t77 
t h e  t a r  q u a l i t y .  

T e d e t a i l e d  

During t h e  opera t i on  o f  a 3-ton-per-day process development u n i t  

This paper presents  t h e  e f f e c t  o f  c a r r i e r  gas and heat  c a r r i e r  on 
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EXPERIMENTAL 

The experiments f o r  p y r o l y s i s  o f  coa l  were c a r r i e d  ou t  i n  a 1 
kg-per-hour bench sca le  r e a c t o r  as shown i n  F igu re  1. Coal was metered 
by a screw feeder  and c a r r i e d  by t r a n s p o r t  gas i n t o  t h e  r e a c t o r .  
was metered by a second screw feeder  and c a r r i e d  b y  n i t r o g e n  o r  des i red  
t r a n s p o r t  gas. 
i t  mixed wi th t h e  c o a l .  
r e a c t i o n  temperature i n  a few m i l l i seconds .  

char. 
gases were cooled t o  c o l l e c t  t he  l i q u i d  products .  The e f f l u e n t  gases 
were analyzed b y  gas chromatographs. The condensed l i q u i d  product  i s  
d isso lved i n  acetone f o r  easy removal f rom t h e  c o l l e c t i o n  vessels. A f t e r  . 
evaporat ion o f  t h e  acetone under vacuum, t a r  and water are separated b y  
d i s t i l l a t i o n .  

Each o f  t h e  f r a c t i o n s ,  namely acetone, water and t a r ,  are analyzed 
separa te l y  t o  determine water, l i g h t  o i l  and t a r  ( l lO 'C+) .  Tar i n  
condensed water, t a r  l e f t  i n  char, i f  any, as determined by p y r i d i n e  
s o l u b i l i t y  and t a r  adsorbed i n  t h e  a c t i v a t e d  charcoal, as determined b y  
F icsher  Assay a r e  a l l  i nc luded  i n  t h e  t o t a l  t a r  y i e l d .  

was o n l y  c a r r i e d  o u t  on t h e  l lO"C+ f r a c t i o n  m a t e r i a l  which i s  u s u a l l y  
over 90% o f  t h e  " t a r " .  

Char 

The char  was preheated t o  t h e  des i red  temperature be fo re  
Coal p a r t i c l e s  were brought  t o  t h e  p y r o l y s i s  

Coal d i sp ropor t i oned  i n t o  hydrogen-r ich v o l a t i l e s  and ca rbon- r i ch  
The char  was separated i n  a se r ies  o f  cyc lones and t h e  vapors and 

For  t h e  purpose o f  t h i s  study, t h e  c h a r a c t e r i z a t i o n  o f  t a r  p r o p e r t i e s  

The analyses o f  c o a l  and char  are g i ven  i n  Table 1. The molecular  
weight d i s t r i b u t i o n  p r o f i l e s  were determined by us ing  ge l  permeation 
chromatography performed on t a r  samples us ing  a Waters 244 ALC/GPC L i q u i d  
Chromatograph equipped w i t h  a r e f r a c t i v e  index de tec to r .  The columns 
employed were Waters s tyragel -co lumns 30 cm x 7.8 mm I O  c o n s i s t i n g  o f  
l - l O O O A ,  1-500A and 3-100A pore s i z e  packings. Tetrahydrofuran, THF from 
Burdick and Jackson, was used as t h e  so l ven t  a t  a pressure o f  1000 ps ig .  
C a l i b r a t i o n  o f  t h e  i ns t rumen t  used t h e  po lys ty rene  standards rang ing  i n  
molecular  weight  from 100 t o  33,000 AMU. Therefore, t h e  molecular  weight 
l a b e l i n g  o f  GPC chromatograms was f o r  re fe rence  and comparison purpose. 

i n  THF t o  5 m l  THF and f i l t e r i n g  through a 0.65 micron f i l t e r  sample 
s izes were 1 2 5 p 1 .  

The t a r  was subjected t o  a so l ven t  f r a c t i o n a t i o n  procedure t o  y i e l d  
o i l s ,  asphal tenes and preasphaltenes. The s o l u b i l i t y  c lasses  were 
defined as: o i l s  (hexane so lub le ) ,  asphaltenes (hexane inso lub le / to luene  
so lub le )  and preasphal tenes ( to luene  i n s o l u b l e l p y r i d i n e  so lub le ) .  
Separation was ob ta ined  accord ing t o  t h e  procedure descr ibed i n  Ref. 
(6). 

GPC samples were prepared b y  adding 8 drops o f  15% s o l u t i o n  o f  t a r  
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RESULTS AND DISCUSSIONS 

I > 

For t h e  purpose o f  t h i s  study, t h e  i n i t i a l  p y r o l y s i s  experiments 
were performed us ing  subbituminous coal ,  n i t r o g e n  c a r r i e r  gas and e l e c t r i c a l  
heat ing;  i .e . ,  no preheated char  was used. 
1000'F t o  1400°F was c a r r i e d  out .  
these runs are g iven i n  Table 2. 

E f f e c t  o f  Residence Time 

A s e r i e s  of runs ranging from 
The y i e l d s  and p r o p e r t i e s  o f  t a r  f o r  

Tar produced a t  t h e  longer  residence t ime  conta ined a h ighe r  
p ropor t i on  o f  o i l ,  and was a l so  cha rac te r i zed  by a lower s p e c i f i c  g r a v i t y ,  
lower v i s c o s i t y  and lower s u l f u r  content  than t h a t  produced a t  t he  lower 
res idence t ime.  These improved t a r  p r o p e r t i e s  were a t t r i b u t e d  t o  t h e  
a d d i t i o n a l  c rack ing  t h a t  occurs a t  t h e  l onger  res idence time. 

t ime  i s  prov ided by GPC chromatograms, F igu re  2. They show t h a t  a t  
longer  residence t imes, t h e  concen t ra t i ons  o f  h igh  molecular  weight 
spec ies decreased w h i l e  t h e  concen t ra t i ons  o f  lower  molecular  spec ies 
increased . 

The evidence o f  t he  a d d i t i o n a l  t a r  c rack ing  due t o  longer res idence 

The o i l  content  o f  t a r  was r e l a t i v e l y  independent o f  t he  p y r o l y s i s  
temperature bu t  was a f fec ted  by t h e  res idence t ime as shown i n  F i g u r e  
3. 
t h e  residence t ime increased from 1.5 t o  3 seconds w i t h  a corresponding 
decrease i n  the  preasphaltenes content .  The da ta  suggested t h a t  asphaltenes 
and preasphaltenes underwent c rack ing  a t  longer  residence t imes and thus  
t h e  p ropor t i on  o f  o i l  increased. These r e s u l t s  i n d i c a t e  t h a t  chemical 
t ransformat ions o f  t h e  t a r  which occurred d u r i n g  t h e  process enhanced i t s  
p r o p e r t i e s  w i thou t  s u f f e r i n g  s i g n i f i c a n t  l o s s  i n  y i e l d s .  
these reac t i ons  apparen t l y  occurred over  a p r a c t i c a l  and c o n t r o l l a b l e  
range o f  residence t imes. 

E f f e c t  o f  Heat C a r r i e r :  Char and Alumina 

The o i l  content  increased f rom an average va lue  o f  43% t o  54% when 

More impor tan t l y ,  

When preheated char  was used as heat c a r r i e r ,  t h e  t a r  y i e l d s  
decreased as t h e  r a t i o  o f  char- to-coal  increased, as shown i n  F igu re  4. 
Th is  e f f e c t  has been a t t r i b u t e  o the  char-cata lyzed t a r  c rack ing  
r e a c t i o n  by OuraiSwamy e t .  Due t o  t h e  secondary c rack ing  
reac t i ons ,  t h e  t a r  i s  l i g h t e r  compared t o  t h e  t a r  produced i n  the  
e l e c t r i c a l  hea t ing  mode as shown i n  Table 3. 
to-carbon r a t i o  and o i l  con ten t  were i n d i c a t i o n s  o f  t a r  crack ing.  

c a r r i e r ,  t he  t a r  y i e l d  was h ighe r  than t h e  case which used char  as heat 
c a r r i e r .  The t a r  i s  l i g h t e s t  among t h e  t h r e e  as shown i n  GPC o f  F i g u r e  
5. The t a r  l o s s  r e a c t i o n  by char-cata lyzed c rack ing  was prevented when 
alumina was used as heat c a r r i e r .  However, a d i f f e r e n t  c a t a l y t i c  r e a c t i o n  
might  have taken p lace  on t h e  sur face o f  alumina t o  improve t h e  t a r  
q u a l i t y ,  as shown by t h e  GPC. 

The h ighe r  atomic hydrogen- 

When t h e  low su r face  area (0.23 m2/g) alumina was used as hea t  
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GPC of tar  from the  alumina r u n  showed s igni f icant  reduction of 
heavy species. 
t a r  could not lay  down on the surface of h e a t  ca r r i e r  polymerization or 
condensation t o  form heavy tar was prevented. 
and qua l i ty  can be summerized in the following: 

This could be a t t r ibu ted  t o  a second poss ib l i ty  tha t  the 

The effect  on t a r  y ie ld  

Tar Yield: Electrical  > Alumina > Char 

Tar Qual i ty :  Alumina > Char > Electrical  

Petroleum f lu id  coke was used in PDU t e s t s  instead of alumina and 
i t  was f o u n d  t o  be i n  between alumina and char f o r  i m p r o v i n g  the  t a r  
y i e ld  and qua l i ty .  

Effect of Reactive Carrier Gases 

When d i f f e ren t  kinds of ca r r i e r  gases such as CO, CO2 and steam 
were used, the t a r  produced were l igh ter .  The properties are summerized 
in Table 4 .  
phase osmometric analysis and GPC p rof i les  of Figure 6. The high polymeric 
species such as asphaltenes and preasphaltenes also decreased. 

improvement of t a r  y ie ld  and qua l i ty  were due t o  the  adsorption of 
reac t ive  gases on the  char. 
t a r  vapor wi l l  not get adsorbed and get cracked on the surface of char t o  
form coke and gaes. Additionally by CO2 and steam char gas i f ica t ion  
takes place producing CO and [HI. 

T h e  molecular weights of ta rs  were reduced as  shown by vapor 

The t a r  y i e lds  were as high as the e l ec t r i ca l  heating case.  The 

When the  surface area of char i s  occupied, 

CO2 + C (char)- (CO)* + CO (1) 
H20 + C (char)-----. (CO)*  + 2 [HI ( 2 )  

Where ( C O ) *  i s  surface adsorbed carbon oxides. 
formed on the  surface of  char by water-gas-shift reaction. 

Nascent hydrogen can be 

(CO)* + H20- CO2 + 2 [HI 

When the primary pyrolysis fragments ( f ree  rad ica ls )  are formed, 
they are seeking fo r  s tab i l iza t ion  by e i the r  reacting with the nascent 
hydrogen in the gas  phase or on the char surface or recombining (polymerizing) 
s t ab i l i za t ion  of reactive fragments by nascent hydrogen prevents poly- 
merization reaction t o  form heavy molecular weight species and coke. 

CONCLUSION 

Both c a r r i e r  gas and heat ca r r i e r  were found t o  a f fec t  the t a r  
y ie ld  and t a r  qua l i t y  in the Flash Pyrolysis of coa l .  
high surface a rea  provided adsorption s i t e s  fo r  t a r  vapor. Tar e i the r  
polymerized or cracked on the char t o  form gases and coke thus lowering 
the  t a r  y ie ld .  When low surface area heat ca r r i e r  were used, t a r  loss 
was reduced s igni f icant ly .  
occupied by reac t ive  gases such as C02 and t a r  loss was prevented, and 
the t a r  qua l i t y  was also improved. This improvement was a t t r ibu ted  t o  
the  s t ab i l i za t ion  of pyrolysis f r e e  rad ia l s  by the  nascent hydrogen 
produced from carbon gas i f ica t ion  between char and reac t ive  gases. 

Preheated char of 

When the active s i t e s  of preheated char were 
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T A S E L  
ANALYSES OF FEED COAL AND CHAR 

Feed Coal Feed Char Product Char 

Proximate Analysis, W t . %  

Mois ture 11.59 1.18 0.7 

Ash 5.00 11.40 10.00 

V o l a t i l e  M a t t e r  37.01 7.02 7.88 

F i xed  Carbon 46.40 80.40 81.42 

U l t ima te  Ana lys i s  (Dry), W t . %  

Carbon 69.12 82.27 82.63 

Hydrogen 4.95 1.87 2.13 

Oxygen 18.32 2.52 3.29 

N i t rogen  1.29 1.14 1.11 

S u l f u r  0.66 0.66 0.57 

Ash 5.66 11.54 10.27 

F ischer  Assay, W t . %  

Char 

Water 

Tar  

Gas 

60.4 

21.4 

9.3 

8.9 

/ I  

I 
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TABLE 3 
COMPARISON OF TAR PROPERTIES 

EFFECT OF CHAR HEAT CARRIER 

Run No. 

C a r r i e r  Gas 

Preheater  Temp O F  

P y r o l y s i s  Temp. "F 

Residence Time, Sec. 

Char/Coal R a t i o  

Tar Y i e l d  (wt.%)MAF 

Sp. G r a v i t y ,  6O/6O0F 

g/cc 

U l t i m a t e  Ana lys i s  % W t .  

C 

H 

N 

S 

0 

Atomic H/C 

VPO MW 

Sol u b i  1 i ty  C1 ass i f  i c a t  i on, W t  .% 
Pre-asphal tenes 

Asphal tenes 

O i  1 

175139141 

N2 N.2 N2 

---- 1200 1200 

1200 1255 1255 

2.0 1.2 1.5 

0 3.3 5 
( e l e c t r i c )  (Alumina) 

18.0 9.7 14.1 

1.218 

81.47 

6.32 

1.14 

0.55 

10.52 

0.93 

28 5 

25.6 

33.0 

41.4 

1.191 - 

80.00 76.81 

6.68 6.75 

1.48 1.12 

0.43 0.38 

11.40 14.94 

1.00 1.05 

-- -- 
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TABLE 4 
PROPERTIES OF TARS U-ACTIVE CARRIER GASES 

BSR Run 

Temperatures, O F  

char p reheater  

Reactor 

Char/Coal R a t i o  

C a r r i e r  Gas 

Residence Time, sec 

Tar Y ie ld ,  XMAF coal  

U l t i m a t e  Ana lys is ,  % W t  

C 
H 
N 
S 
0 (by d i f f )  
Ash 

Atomic H/C 

Sp. Grav i ty ,  6O/GO0F 

g/cc 
O A P  I 

VPO MW 

S o l u b i l i t y  C l a s s i -  
f i c a t i o n ,  W t %  

Preasphal tenes 
Asphal tenes 
O i l  (by d i f f )  

176 

1500 

1191 

3 

Steain (5oX) 
CO (50%) 

1.9 

15.2 

80.78 
6.25 
1.47 
0.66 

10.77 
0.07 
0.928 

1.195 
-13.1 

27 5 

177 

1500 

1200 

3 

Steam (10%) 

1.94 

c02 (90%) 

19.2 

81.22 
6.48 
1.43 
0.56 

10.31 - 
0.957 

1.183 
-11.9 

254 

16.9 16.3 
28.6 28.4 
54.5 55.3 

178 

1500 

1200 

3.3 

co2 

2.0 

18.3 

80.15 
6.34 
1.58 
0.61 
1.39 

0.949 

1.183 
1.9 

24 5 

17.4 
27.2 
55.4 
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COAL m o o  1 

FIGUR!3 1 FLOW DIAGRAM OF 1 Kg-FER HOUR BENCH 
SCALE REACTOR 

FIGURE 2 GEL PEMEATION CHROMATOGRAMS OF SUBBITUXINOUS -~ 
COAL TARS PRODUCED AT 1200'F.  
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RESIDENCE TIME 
1.5 (SECONDS1 3.0 

I 

YIELDS. RELATIVELY TEMPERATURE INDEPENDENT. 
WERE AVERAGE0 FROM RUNS AT 1000-1200-I4OO.F 

FIGURE 3 SOLUBILITY CLASSIFICATION OF 
SUBBITUMINOUS COAL TARS 3 .S  A 
FUNCTION OF RESIDENCE TI$!. 

t 
FIGURE 4 EFFECT OF RECYCLED CHAR ON 

TAR YIELD .,., 
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F I G U R E  5 EFFECT O F  S O L I D  HEAT CARRIER ON THE 
MOLECULAR S I Z E  DISTRIBUTIOrJ  O F  TARS. 

FIGURE 6 EFFECT OF CARRIER GASES ON THE 
MOLECULAR S I Z E  D I S T R I B U T I O N  OF 
TARS. 
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